In-vitro monolayer culture of human primary osteoblasts (hOBs) often shows unsatisfactory results for extracellular matrix deposition, maturation and calcification. Nevertheless, monolayer culture is still the method of choice for in-vitro differentiation of primary osteoblasts. The delay in mature ECM production by the monolayer cultured osteoblasts is determined by their state of cell maturation. A functional relationship between the inhibition of osteoblast proliferation and the induction of genes associated with matrix maturation has been shown within a monolayer culture model for rat calvarial osteoblasts. We hypothesize, that a pellet culture model could be utilized to decrease initial proliferation and increase the transformation of osteoblasts into a more mature phenotype. We performed pellet cultures using hOBs and compared their differentiation potential to 2D monolayer cultures.
Figure. 1: Comparative qPCR of type I collagen (A), osteocalcin (B)
, osterix (C), and E11 (D) was performed during the 7 day culture period of osteoblasts within low-density monolayer, dense monolayer cultures (a: 18,000 cells/cm² seeded; b: 27000 cells/cm2 seeded; c: 40000 cells/cm² seeded), or pellet culture (n=12). Statistical significance was determined as p<0.05; *: significantly different to low-density monolayer; #: significantly different to pellet culture. The expression of all genes investigated was increased by culturing hOB cells in denser monolayers compared to low-density monolayer. Pellet cultures showed increased osterix, osteocalcin and E11 expression compared to lowdensity monolayer (p<0.0396), but osteocalcin expression was lower compared to dense monolayer culture over the whole culture period (p<0.00001). The lowest type I collagen expression was found in pellet cultures (p<0.00001).
Discussion:
Using the pellet culture model, we were able to generate a population of cuboidal shaped central osteoblastic cells. Increased proliferation, as seen during low-density monolayer culture, was absent in pellet cultures and monolayers seeded at 40,000 cells/cm2. Moreover, the expression pattern of phenotypic markers Runx2, osterix, osteocalcin, col I and E11 mRNA was significantly different depending on whether the cells were cultured in low density monolayer, high density monolayer or pellet culture. The overall expression pattern in pellet of high E11 and osterix combined with low Runx2, Col I and osteocalcin would suggest the cells are maturing into an early osteocyte phenotype. Whereas with highdensity monolayer the high Runx2, Col I, E11 and osteocalcin combined with a lower osterix would suggest a more active, mature osteoblastic phenotype. As expected, within monolayer the gene expression of the markers was density dependent, starting relatively high at the higher densities, while increasing with time in culture at lower densities as the cell confluency increased. We conclude that the transformation of the osteoblast phenotype in-vitro to a more mature stage can be achieved more rapidly in 3D culture. Moreover, that dense monolayer leads to the formation of more mature osteoblasts than low-density seeded monolayer, while hOB cells in pellets seem to have transformed even further along the osteoblast phenotype.This would indicate that pellet culture provides a model which can be used to investigate the further maturity of osteoblasts towards osteocytes.
